D@ results on Higgs Search

Yuji Enari
Brown University
On behalf of D@ Collaboration

Lake Louise Winter Institute 2007



« Gauge invariance: No mass term

 Mass of fundamental particles are given by Higgs boson
From theory From experiment:
— Missing part of SM - MH > 114.4 GeV @95% CL

_ SMhi m s ligh search by LEP2
SM higgs mass is light - My, < 166 (199) GeV @95%

CL global EW fitting
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SM Higgs boson DE>

Tevatron can explore the mass range of 115 <M, < 185 GeV
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SM Higgs search at Tevatron De5

e Production

g  [5=196TeV
5 gg—H m>__._i 1. Gluon fusion (0.8 ~ 0.2 pb)
% 2. WH associated production (0.2~0.03pb)
go 3. ZH associated production (0.1~0.01pb)
: * Decay
o — my < 135 GeV
. riags Mass (GeV/c H = bb is dominant
g — m,, > 135 GeV
5 H> Ww

Analysis Strategy

my, < 135 GeV i
WH/ZH + H-=bb top, Wbb, Zbb

my, > 135 GeV
Gluon fusion + H=>WW

Background

10-2L

WW, DY, WZ
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SM

mode | ./ Ldt (pb)
eebb 840
ZH uubb 920
vvbb 260
WH evbb 370
uvbb | 380
WHS ee+qqg| 380
WWWW en+qqg| 370
putqq | 360
evev 950
H>WW | pvuv | 930
evuv 950
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WNCurrent Status of Higgs search at D@ €3
MSSM

mode | ./Ldt (pb)
bh bbb 880
btt 340
h—>1t uv +t, | 1000
Fermiophobic
mode | ./ Ldt (pb)
V2>hH | yyy(y)X | 1000
Others
h++ 2 tt, Htb,

tt(t-> H*b, H+-2>cs)
H++ = pu, ee
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D@ detector DE>

Multi purpose detector Solenoid Magnet
Lo -~
Mucn Scintillators fr-‘
Muon Chambers /
1 el ENELE
protons Shielding - il T

—) T -

Calorimeter \

Toroid

] I'_‘l I
/
In| []@l Electronics Preshowers
Muon ID ~2  ~15ho New silicon detector for
Tracking ~25 ~§o improvement of b-jet ID

EM / Had CAL 4 20 Installed last spring
a ~ -

I
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e Characteristic of b-quark
— Lepton from semileptonic B decay

(Br~10%)

— Longer lifetime, t~1.6ps
- Travel distance from PV ~ 1mm

e Tagging Algorithms

— Secondary vertex reconstruction
— Impact Parameter based

NN tagger

— Use these information as input of NN
- 33% gain with same fake rate of 0.5%
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Improvement on b-tagging D&

‘\2/ Secondary
: Vertex
Primary r~

Vertex OO

Tagger
§+NN

JLIP

b-Jet Efficiency (%)

\ pT>15ar;d Alin é |
7\IIIE\IIIEIIIIEIIIIEII\Iill\lill\lill\lill\l|I
0 05 1 15 2 25 3 3. 4 45

Fake Rate (%)
[ ]
Lake Louise Y.Enari 6




Low mass SM Higgs: ZH > llbb  DES

/Ldt = 920 / 840pb New result!
> o[ Do preiminaly 920 pb) =209
. | A Sy
Main BG: = el i3 =
Z+jj, Z+bb E 10:.'W~f ' " — 2R 11
— e pt>15GeV, 2 loose electron _ 1 b | P
— u:pt>15GeV, 2 loose muon  [Mass window
e:—-1.50~1.50
After double NN b-tag uw—-lo ~ 2o ; )
data | BG exp. |m,=115 e
e P- H™ Combine e and p, 1 tag + 2 tag
e 7 10.7 + 3.7 0.20 Modified frequentist approach (CLSs)
from dijet mass distribution
u| 11 98+34 0.17 s [ +
o 10 ZH— 11 bb
3 [ Do Preliminary (860.920 pis) |~ 3B T e, PP O3
© 1w 1 = Z+bb T et
~ 4 = CDF Prel. (1.00 fb™)
£ é m 1 = D@ Preliminary (0.88 fb)
°>’ 1 > Zi C 95% C.L. upper limit
w B T - (===- expected limit)
- Lj_j N e
10" ;:_ |;];-1 0-1 2_ Standard Model e
- 2 ¢
= ﬂ © T P S B R B
102 WL VS 110 120 130 140 150
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High mass SM Higgs: HOww D3

[Ldt — 930-950 pb—l | HIGGS MASS 160 GEV (After Cuts 1-7) |

e, W
9 Vo, §<

Main BG:
e 1L gg>WW !
e Two isolated high p; leptons + missing E-

— ee, uu, en channel are considered.
Can’t reconstruct H invariant mass

10%

0% 05 1 15 2 25 3
- Use Angular correlation A (e, n) (rad)
W+ e’
(—l=>— o> ——>—> No excess from BG exp in A¢ dist.
y W e g | e
WW is daughter of scalar H. Tk N B WCLLM
Leptons from W tend to have E - uw |
same direction £‘°? T
5 [ 3
Data BG eXp. I’nH::I-60 é 1;— § 4th Gener..':ll”ic.rln--mload-el
ee | 10 | 10.3%15 0.42 - T~
107 w Standard Model
N _
Hi 9 28226 0.8 —q00 120 140 160 180 200
en | 18 | 24.4+37 0.97 Higgs mass (GeV)




Limits on SM Higgs production
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95% CL Limit/SM
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e Latest ZH=2IlIbb is not included In these limits.
* New result of WH->Ivbb and ZH->vvbb will be coming soon.
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« MSSM

MSSM Higgs D>

— Two Higgs doublets to avoid anomaly
— 8 degrees of freedom — 3 (longitudinal pol. of W%,Z )
- 5 physical scalars (h, H, A, H¥)

« Search for =2 T
_Br(¢p>bb) ~ 90%, Br(¢p>t1)~10%

> High QCD BG = I+had (17%x62%)

e
U v

< o ut

\V

Tau ID (hadronic t decay)
— NN: 8 variables related to jet shape
— Train NN each topology separately

hadron

Performance: @ t’'s pt=15GeV

t=2>hv;
2> hnlv;

t=23hv

60% with 2% fake,
60% with 4% fake,
40% with 3% fake

c ~ 1/tanf c ~ tanf
At high tanf(=H /H), o(h or H, A)
IS enhanced

My = /2EVEr(1 — cos Ad)

<-I DJ Preliminary, 1.0 fo! MZ-tw

B QCD
Wopuv
M Z-pp
M,, <20 GeVy Mz
Di-boson
o

Events
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MSSM Higgs ¢=>1t DS

/Ldt =1000 pb! New result!
¢ (2TT 2 HL+T, "g ] DO Preliminary, 1.0 fb™
— NN>0.9 ,Ej ) Ry1e0>T0
— ARpt >0.5 Ll 102 3 =§:ﬁu
- M, <20 GeV ; .%CD
 Main BG i W
WW—lv lv
—Z2 1t 10k i
— QCD is well suppressed i
DATA: 1141 evt. |
MC :© 1287 + 130 evt. i L
Eff(0>71) : 1.4% :
i poey ol 5 v Jig
Observed events are fully 0 50 100 150 200 250

consistent with expectation Visi
isible Mass (GeV)
No excess ~ 140 GeV Mo = ST T )
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New limit on

M, vs tanp D5

New result with 1fb-1

 To maximize sensitivity NN output is used in the limit calculation
NN input: Visible Mass, p¥; pt (cal), p (trk), My g

«.100

c
®
et
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Mm% 1 < 0

90
80

D@ Preliminary, 1.0 fb™

30 D& ¢P—)Tu"t, 1 .Ufb':
e D& qr—rcu'l;, 1.0fb™ expecied
D G177, 325ph
20 we GDF g—1r, 310pb™
LEP
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No-mixing, 1 < 0
2100 _
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New search: Fermiophobic Higgs
hehe W 2 yyy(y) X DS

* Fermiophobic Higgs search with W/Z
SM VVh; coupling: q
— LEP: e+e- 2> Zh, my; > 105 GeV n Y
e+e- > Ah; m,+m, > 160 GeV q "M

—TeV:qq 2 V =2 V+h; m,; > 82 GeV
VVh; coupling v
e There is still possibility in 2ZHDM
tanp>1, m,< 90 GeV, m, < 200GeV

W a4 m, = 150 GeV
u H N , 0:12 i My fSOGeV
§ h - I D Eiiiiﬁg;i{i?fffi’;ijm q
W N =7 0.08F- n o
d A h 0.06:
T vy 3
e Signature
PP > hH= > hhW=* Syy(y) X i
pt, >30 GeV, pt, >20 GeV, pt; >15 GeV pt,  (GeVic)
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h{hy W 2 yyy(y) X w

[Ldt = 1000 pb New result

e Additional selection LE f Before applying H- cul
3 ; 3 2 T
He>25GeV i, [(5) + (3n) - Faper gy
o St - + o %}{&q}:&f# ~©- Zy: 0.026:0.003
we e iy
Observed Bvent : = = 0 ev. = v, Tr | o comsucoso
Expected # of BG: 1.1+0.2 ev LR E P T
- ﬁ e ﬁ"ﬁ
Acceptance . 0.16 £0.03 - —T—{—;ig: i
10° = T T _JT— Yy |
- % ~—P-
| - tan3=30 104020 20" 60 80 100 120 140 160 180
10° i, Invariant mass of yy (GeVi/c?)

S

S | i (RIS Limit: o =25.3fb @95%CL
o 10 | e \ M,=66GeV for m, < 100 GeV @ tanp =3
e i ]\ My =44GeV for my < 150 GeV @ tanp =3
1 €| M, =80GeV form, <100 GeV @ tanp =30

... RO M, = 50GeV for m, < 150 GeV @ tanp =30
) 10 20 30 40 50 60 70 80 90
m, [GeV] preliminary result
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Summary and Prospect D&

* No excess yet observed in data from BG expectation.
* Observed limit is getting close to SM expectation.

 We are currently improving our analysis
* bID performance much improved by using Neural Net
» Optimization of selection
» Use Event shape: NN, Matrix Element, etc...
* Increased acceptance
« Jet energy resolution
* Reduce systematic uncertainty
« Adding new channels
e Combine with CDF

* Increase statistics: 2fb-1 of data on tape,
expect 4-8fb-1 by 2009.

NOW is time for Higgs search at Tevatron! Stay tuned!
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5 40 . Tevatron Run Il Preliminary
= agil. P
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Prospect DES

» 4~8fb-1 will be available by 2009

10 1
Luminosity Per Year
g a0maAdr | 25maAdr | 20méahr | 15mAShr
Fiscal Year| it ith "y b (b
gl FYO3 133 032 0.33 0.33 _
Frod 34 0.34 0.34 0.34 DE;SIQH
FY0s 061 00 00 0.60
T Fr06 057 0.70 a7 0.63
:—'g FroT 1.81 1.25 02z 074
= B Fros 185 152 103 072
2 Frog 214 1 50 1.24 0.86 — 30
= — 25mahr
A
3 — 20rmahr
L=
% . Tamar
g B
£, Recycler Only o
Operations
2 -
"| -
I:I T ) T T T 1
ar2002 araming aranis 10H/06 100207 100208 10405

Craba

e e e
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combined CDF /DO thresholds

— 95% CL limit
— 30 evidence
E— :.-f:r dlscouery
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e 107

*% 130 b
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MSSM parameter for ¢ = 1t D2

The parameters: m, max no-mixing
Mixing parameter, X 2 TeV 0 TeV
Mass parameter, u +0.2 TeV +0.2 TeV
Gaugino mass term, M, 0.2 TeV 0.2 TeV
Gluino mass, m, 0.8 TeV 1.6 TeV
Common scalar mass, M 1 TeV 2 TeV

SUSY

e
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